We present a high-resolution (R ≃ 20, 000) near-infrared (9,100-13,500Å) long-slit spectrum of P Cygni obtained with the newly commissioned WINERED spectrograph in Japan. In the obtained spectrum, we have found that the velocity profiles of the [Fe ii] emission lines are resolved into two peaks at a velocity of ≃ 220 km s −1 with a moderate dip in between and with additional sub-peaks at ≃ ±100 km s −1 . The subpeak component is confirmed with the long-slit echellogram to originate in the known shell with a radius of ≃ 10 ′′ , which was originally created by the outburst in 1600 AD. On the other hand, the ≃ 220 km s −1 component, which dominates the [Fe ii] flux from P Cygni, is found to be concentrated closer to the central star with an apparent spatial extent of ≃ 3 ′′ . The extent is much larger than the compact (< 0 ′′ .1) regions traced with hydrogen, helium, and metal permitted lines. The velocity, estimated mass, and dynamical time of the extended emission-line region suggest that the region is an outer part of the stellar wind region. We suggest that the newly-identified emissionline region may trace a reverse shock due to the stellar wind overtaking the outburst shell.
INTRODUCTION
Luminous blue variable (LBV) stars are believed to have evolved from high-mass main-sequence stars and to become eventually Wolf-Rayet stars after various magnitudes of mass-loss (e.g., Langer et al. 1994; Meynet et al. 2011; Smith 2014 and references therein). Circumstellar nebulae around LBV stars provide essential clues for mass-loss events (e.g., Najarro et al. 1997b ) and evolutionary process of LBV stars (e.g., Smith et al. 2011; Weis 2011) . Steady mass-loss ⋆ E-mail: misaki.mizumoto@durham.ac.uk, mizumoto.misaki@gmail.com (MM) events create emission photospheres or shells around stars (e.g., Lamers et al. 1985) , whereas flash mass-loss events, which are often called "eruptions" or "outbursts", create emission shells as those seen in P Cygni and η Carinae (e.g., Lamers 1986; Humphreys et al. 1999; Ishibashi et al. 2003; Smith & Hartigan 2006) . Thus the structure and kinematics of the LBV nebulae give us important clues about the mass-loss events.
Infrared (IR) [Fe ii] lines are a powerful tool for investigating the structure and physical mechanisms of the LBV mass-loss events (Smith 2002a) . Bright IR [Fe ii] lines are typically detected toward shock-excited objects or outflowing objects, such as supernova remnants, massive stars, and low-mass young stellar objects (e.g., Meaburn et al. 2000; Smith 2001 Smith , 2002a Hartigan et al. 2004; Lee et al. 2009; Shinn et al. 2013) , and are detected in all the observed LBVs with near-IR (NIR) spectroscopy (Smith 2002a) . Because the LBV nebulae are optically thin at the IR wavelength region, IR observations are key tools to study the circumstellar nebulae of LBVs (e.g., Artigau et al. 2011; Clark et al. 2011; Gvaramadze et al. 2012) . For example, NIR observations of η Carinae clearly resolve the emission components from different areas (Smith 2002b (Smith , 2006 . Barlow et al. (1994) found a circular nebula around P Cygni with an angular radius of ∼ 11 ′′ and an expansion velocity of 140 km s −1 using the optical [N ii] λ6584 line. Smith & Hartigan (2006) (hereafter SH06) deeply investigated this nebula using the NIR [Fe ii] λ16440 line, and concluded that this nebula with a shell-like structure with a radius of ∼ 8 ′′ − 10 ′′ was ejected by the 1600-AD outburst. Other circumstellar nebulae outside of the 1600-AD outburst shell have also been studied (e.g., Meaburn et al. 1996 Meaburn et al. , 2000 . In addition, the [Fe ii] emission of P Cygni inside the 1600-AD outburst shell has also been investigated and found to be created in the region of R 100R * , where R * is the radius of P Cygni (= 76 ± 14 R ⊙ ; Lamers et al. 1983) , based on the line ratio and/or the velocity width of the optical [Fe ii] emission lines (e.g., Israelyan & de Groot 1991; Stahl et al. 1991; Markova & de Groot 1997) . Markova (2000) suggested that the forbidden lines in P Cygni originate at ≃ 100R * , where the wind has reached its terminal velocity. However, to our surprise, the upper limit for the radius of the [Fe ii] emission region has not been explicitly constrained. Arcidiacono et al. (2014) shows the [Fe ii] λ16440 image of P Cygni nebula with high angular resolution by adaptiveoptics observations, but the inner structure within 3 ′′ is unclear because they masked the region.
Here, we observed P Cygni with a newly developed high-resolution (R ≃ 20, 000) NIR (9, 100-13, 500Å) echelle "WINERED" spectrograph. P Cygni is the nearest LBV star at a distance of 1.7 kpc (Najarro et al. 1997b ) and thus the best target to study mass-loss events in LBVs. The range of the studied wavelengths, 9,100-13,500Å, falls between the optical and infrared wavelengths and has been relatively poorly studied in astronomy. However, this "niche" wavelength-range is rich in various types of emission lines, yet is contaminated less with background lines than optical wavelengths.
In this paper, we first describe the WINERED spectrograph and the observation in Section 2. In Section 3, we show that the velocity profiles of the NIR [Fe ii] lines have a clear "double-peak", which have been considered as "flat-topped" in the past studies, and constrain the spatial extent of the [Fe ii] emission region. Finally, we discuss the origin of the extended region of the [Fe ii] emission in Section 4.
OBSERVATIONS AND DATA REDUCTION
We obtained the spectrum of P Cygni on 2014 September 20 with the NIR high-resolution spectrograph WINERED (Ikeda et al. 2016) , mounted on the F/10 Nasmyth focus of the Araki 1.3 m telescope at Koyama Astronomical Observatory, Japan (Yoshikawa et al. 2012 ). WINERED uses a 1.7 µm cut-off 2048 × 2048 HAWAII-2RG array with a Figure 1 . The position and P.A. of the slit for the WINERED observation of P Cygni and its nebula. The horizontal and vertical axes show the offsets in the right ascension and declination, respectively, in arcsec from the position of P Cygni, which is denoted as the star symbol at the centre. The tilted and slender rectangle shows the position of the slit on the sky. The dark-grey ring with radii of 8 ′′ -10 ′′ illustrates the 1600-AD outburst shell (SH06). The dark-grey filled circle with a radius of ∼ 0 ′′ .06 in the inset illustrates the extent of the steady mass-loss wind region (∼ 100 AU). The dotted line is a circle with a diameter of 2 ′′ .9 (= 4.9 kAU), which demonstrates the extent of the [Fe ii] emissionline region we have discovered (see the main text in §3.2).
pixel scale of 0 ′′ .8 pixel −1 , covering the wavelength range of 9, 100-13, 500Å simultaneously. Fig. 1 shows the slit position relative to the central star of P Cygni. We used a long slit with a length of 48 ′′ , oriented along P.A. ≃ 37 • . The slit width is 1 ′′ .6 (2 pix), which provides the maximum spectral resolving power of R ≃ 28, 300 or ∆v ≃ 11 km s −1 . However, our observed spectrum has a lower spectral resolution of R ≃ 20, 000 (∆v ≃ 15 km s −1 ) due to the optical setting during the observing period. The exposure time was 150 seconds per frame, which was long enough to make some strong H i and He i lines saturated in the obtained spectra. We observed P Cygni 8 times and combined all the frames; thus the total exposure time was 1200 sec. The one-dimensional spectrum was created, using the data within the slit-length of ≃ 10 ′′ . The obtained S/N ratio was 130. The wavelength was calibrated using the spectrum of a Th-Ar lamp in front of the slit. The uncertainty of the central velocities of the lines was smaller than 1 km s −1 . For the telluric-absorption correction, we used the spectrum of the spectrometric standard star 28 Cet, obtained at the similar airmass to that in our observations. The sky conditions were photometric and the seeing was relatively good for the site (FWHM ∼ 4 ′′ ).
RESULTS

Velocity profiles
We found 90 emission lines in the whole spectrum of P Cygni. Table 2 and Fig. 8 show the linelist and the whole spectrum we obtained. We used VALD3 (Kupka et al. 1999) when identifying the atomic lines. Fig. 2 shows some char-acteristic velocity profiles of emission lines. The so-called "P Cygni" profiles ( Fig. 2a) are clearly seen in H i and He i lines with a terminal velocity of −220 km s −1 , which originates in the optically-thick and steady mass-loss wind region around the star with a radius of ∼ 100 R * (e.g., Lamers et al. 1985 ; see also the inset in Fig. 1 ). Rounded profiles (Fig. 2b) with a velocity of 180 km s −1 are visible in metal permitted lines, such as O i, Mg ii, and Fe ii, which are formed in the optically-thin and steady mass-loss wind region with a radius of 100 R * (e.g., Najarro et al. 1997b; Markova & de Groot 1997; Rossi et al. 2001) . The central velocity of Fe ii λ10504, −28 ± 1 km s −1 , is consistent with the known systemic velocity of P Cygni (e.g., −22 km s −1 in Barlow et al. 1994 and Markova & de Groot 1997 , −27 km s −1 in Meaburn 2001 , and −29 km s −1 in Stahl et al. 1993) . The interpretation of "P Cygni" and "rounded"profiles is also consistent with those in previous studies.
We have clearly resolved for the first time each of the [Fe ii] emission lines in the obtained spectrum into two peaks, or a "double-peak" profile, with a velocity of ≃ 220 km s −1 (Fig. 2c) . Several optical/infrared [Fe ii] lines were previously detected in this object, yet none of the lines have been resolved into multiple peaks, even though the observed profiles of the lines were known to be somewhat broad and probably to have a flat top at the (single) peak. Markova (2000) proposed the interpretation that these "flattopped" profiles are formed in the mass-loss wind region of a constant expansion velocity at a radius of ∼ 100 AU. However, the compact emission region with a constant expansion velocity cannot generate such a "double-peak" profile as we obtained. Figs 
is affected by residuals of a strong telluric absorption line, the velocity profile shows the relatively clear "double-peak" profile in the same way as that of [Fe ii] λ12570. The 1600-AD outburst shell, which has an expansion velocity of ≃ 140 km s −1 and a radius of 8 ′′ − 10 ′′ , is apparent in the echelle image (n.b., this image is in the same configuration as in Fig. 5 of SH06 around [Fe ii] λ16440). This shell is responsible to create the sub-peaks at v ≃ ±100 km s −1 in the projected spectrum ( §3.1, see also the green dotted lines in Fig. 3 .) However, the spatial extent of the stronger emission with double peak at v ≃ ±220 km s −1 is unclear in the upper panel of Fig. 3 , suggesting that it has a spatially smaller region than the outburst shell and that it is hindered under the very strong continuum.
Spatial extent of [Fe II]
In order to study the spatial extent of the [Fe ii] emission component with v ≃ ±220 km s −1 double peak, we subtracted the model continuum on the echelle image. First, we extracted 52 one-dimensional spectra for each spatial pixel between −15 ′′ and +15 ′′ and fitted the continuum spectra on both sides of the [Fe ii] emission with a linear function. We then subtracted the best-fit continuum spectra from the one-dimensional ones, and reconstructed the [Fe ii] twodimensional echelle image from all of the 52 one-dimensional spectra. In this reconstructed image, we binned each set of 9 pixels (= 1.72Å) along the wavelength axis in order to smear out stripe-like residuals on the continuum, which was generated as a side effect of pixelizing the rotated spectra on the detector array. As a result, the two velocity components are clearly separated into the two oval extensions in the spacio-velocity field, i.e., the 1600-AD outburst shell component with v ≃ 140 km s −1 (green dashed line in the figure) and the "double-peak" component with v ≃ 220 km s −1 (blue dotted), in the lower panel of Fig. 3 .
We examined the spatial profiles of the continuumsubtracted echelle image to quantitatively estimate the spatial extent of the emission regions. The upper panel in Fig. 4 shows the [Fe ii] spatial profile of the continuum-subtracted echelle image, thus pure emission line echelle image, at v = 0 km s −1 . We fitted the profile with three Gaussians: One represents the "double-peak" component (blue dotted line in the figure) and the other two represent the blue-and redshifted components of the 1600-AD outburst shell (green dashed). The spatial width of the "double-peak" component is 5 ′′ .02 ± 0 ′′ .03 at a full-width half-maximum (FWHM), which is clearly broader than that of the adjacent continuum component, 4 ′′ .1 ± 0 ′′ .1 (gray dot-dot-dashed), which represents the seeing size because the continuum-emitting region is totally unresolved (Chesneau et al. 2000) . This means that the [Fe ii] emission-line region is intrinsically spatially-extended. By comparing the two spatial profiles, the spatial extent even smaller than the seeing size can be examined (e.g., Takami et al. 2009 ). Assuming that the extension of the emission region can be modeled with Gaussians, the intrinsic FWHM of this component was estimated to be (5 ′′ .02 ± 0 ′′ .03) 2 − (4 ′′ .1 ± 0 ′′ .1) 2 = 2 ′′ .9 ± 0 ′′ .1, which corresponds to 4.9 ± 0.2 kAU or (1.39 ± 0.05) × 10 4 R * (see the dotted circle in Fig. 1 ).
For comparison, we made spatial profiles of He i λ12531 ("P Cygni" profile) and Fe ii λ10504 ("rounded" profile) in the same way from the continuum-subtracted echelle image at v = 0 km s −1 , and plotted them in the medium and lower panels of Fig. 4 . The observed, adjacent, and intrinsic FWHM of He i λ12531 are 4 ′′ .2 ± 0 ′′ .1, 4 ′′ .2 ± 0 ′′ .1, and 0 ′′ ± 0 ′′ .6, respectively, and those of Fe ii λ10504 are 4 ′′ .6 ± 0 ′′ .2, 4 ′′ .5 ± 0 ′′ .2, and 1 ′′ .0 ± 1 ′′ .3, respectively. This result shows that these lines are not extended spatially and are formed in a compact emission region close to the central star, as opposed to the [Fe ii] lines.
In order to unambiguously separate the "double-peak" component from those of the 1600-AD outburst shell, we made spatial profiles of the echelle image for all the Doppler velocity bins from −300 km s −1 to +300 km s −1 with a 9 pixels (= 41 km s −1 ) step, and fitted all the components at |v| ≤ 140 km s −1 and at |v| > 140 km s −1 with three and a single Gaussians, respectively (see Fig. 4c for the case of |v| ≤ 140 km s −1 ). The central Gaussian with the spatial offset of 0 ′′ indicates the "double-peak" component, whereas the two side Gaussians at |v| ≤ −140 km s −1 indicate the 1600-AD outburst shell. Next, we combined the fitted Gaussian profiles at all the Doppler velocity bins in the spacio-velocity plane to reconstruct the echelle image. Fig. 5 shows the reconstructed images, which encompass the "double-peak" component (upper) and the 1600-AD outburst shell (lower). Fig. 6 shows the intrinsic FWHM of the "double-peak" component, which is larger for smaller Doppler velocity. The red dashed line in Fig. 6 shows the model one when the emission region is spherical (FWHM = 2 ′′ .9 1 − (v/220 [km s −1 ]) 2 ), which is consistent with the trend of the observation. Thus the emission region is found to be (quasi-)spherical. Hereafter, we call the emission region of the "double-peak" component as the "extended emission region", in contrast to the 1600-AD outburst shell. This "extended emission region" was, in fact, visible in SH06, though there was no mention about it in their paper. The top panel of Fig. 4 in SH06 showed the intensity of [Fe ii] λ12567 and λ16435 lines 1 , where the inner emission region appears in −4 ′′ to +4 ′′ , whereas the 1600-AD outburst shell 1 The observed wavelengths are used in SH06, whereas the vacuum wavelengths after the systemic velocity is corrected are used in this paper. Thus, the quoted wavelength values are slightly different between these two. For example, λ12567 in SH06 corresponds to λ12570 in this paper. component appeared in −10 ′′ to −7 ′′ and +8 ′′ to +11 ′′ . We concluded that its inner emission region is identical to the "extended emission region" because the spatial extent of the regions is almost the same. Consequently, we managed to constrain the upper limit of the radius of the [Fe ii] emission region, which has yet been unclear.
DISCUSSION
Origin of the [Fe II] "double-peak" profile
When an emission line originates from an optically-thin spherically-symmetric shell/flow with a constant velocity, the intensity per unit frequency bin is independent of frequency; as a result, the line shows a "flat-topped" profile (Appenzeller et al. 1984; Emerson 1999; Shu 1991) . The [Fe ii] velocity profiles of P Cygni have been treated as flat-topped in literature so far, and thus the [Fe ii] emission region of P Cygni has been considered as a compact and spherically symmetric layer expanding with a constant velocity (e.g., Stahl et al. 1991; Israelyan & de Groot 1991; Markova & de Groot 1997; Markova 2000; Kogure & Leung 2007) . However, our observation with high-resolution NIR spectroscopy revealed that the [Fe ii] lines of P Cygni have "double-peak" profiles ( §3.1). Moreover, we found that the "double-peak" emission region was spatially extended by 4.9 ± 0.2 kAU ( §3.2).
Is it plausible for the "double-peak" profile to originate from the "extended emission region"? In optical/infrared spectroscopy, when a part of an optically-thin sphericallysymmetric shell/flow with a constant velocity is masked by a slit of spectrograph, the intensity at the frequency corresponding to the radial velocity of the masked region becomes faint, and thus a part of "flat-topped" velocity profile is scraped off (e.g., Chapter 9 of Shu 1991). Therefore, when the emission region is extended wider than the slit width and the extended component with a slow radial velocity is masked, the velocity profile becomes hollow at the centre. Assuming a spherical, homogeneous and isotropic emission region, the model velocity profile can be calculated as a function of a diameter of the region. The blue-dotted line in Fig.  7 shows the model velocity profile of the emission region with a diameter of 2 ′′ , which is slightly larger than the slit width (1 ′′ .6). The expansion velocity of the model profile is set to be 220 km s −1 , and the instrumental resolution is fully taken into account. Residuals seen in the velocity range of −130 km s −1 to +130 km s −1 (green-dashed) shows another clear double-peak profile, which is obviously a component of the 1600-AD outburst shell.
Indeed, the estimated diameter of the "double-peak" emission region (as defined with FWHM= 2 ′′ .9 ± 0 ′′ .1; see §3.2) is similarly larger than the slit width (1 ′′ .6). The emission region may be regarded as a region with uniform density with a diameter of roughly 2 ′′ , but more accurate modeling should await slit-scanning data for acquiring information on radial density distribution. Consequently, the "double-peak" velocity profile is expected, as was observed, when the emission region is partially masked with the slit of spectrograph. We must note that some intrinsic ununiformity of the emission region can enhance or skew the spectral features.
Mass of the "extended emission region"
Constraining the mass is essential to investigate the nature of the emission region. Under the assumption that the "extended emission region" is spherically symmetric ( §3.2), the total gas mass (M) is given by
where µ is the mean molecular weight, m H is the mass of hydrogen atom, n e is the number density of electron, f H is the hydrogen ionization fraction, f is the filling factor, and R 2 and R 1 are the outer and inner radii of the emission region, respectively (SH06). The mean molecular weight µ is assumed to be 2.2. f H in the 1600-AD outburst shell is calculated to be 0.86, using the line ratio
In the "extended emission region", hydrogen atoms should be almost fully-ionized because they are much closer to the central star than the 1600-AD outburst shell. Therefore, we treated f H in the "extended emission region" as unity. The outer radius R 2 of the "extended emission region" is 1 ′′ .45. The inner radius R 1 must be small, given the spatial profile of the [Fe ii] λ12570 line (Fig. 4c) shows no apparent dip near the central star. Here, we set R 1 = 0. Estimating f in the "extended emission region" is difficult because our observation could not spatially resolve its substructure in detail. We assumed that f is similar to that of the 1600-AD outburst shell in SH06, and adopt f = 0.2 ± 0.1. n e can be calculated based on the ratios of the diagnostic [Fe ii] lines, λ12567/λ16435 and λ15535/λ16435 (SH06; see the second footnote for the notations). In Fig. 4 of SH06, we read λ15535/λ16435 as 0.16 in the "extended emission region" and as 0.1 in the 1600-AD outburst shell. In SH06, λ12567/λ16435 was 1.3 throughout the regions, and thus λ15535/λ12567 is calculated to be 0.12 and 0.08 in the "extended emission region" and the 1600-AD outburst shell, respectively. Comparing the λ15535/λ12567 ratios with the values in Fig. 3 of Nussbaumer & Storey (1988) , we can estimate the respective electron densities to be n e = 10000 cm −3 in the "extended emission region" and 6000 cm −3 in the 1600-AD outburst shell. The n e value hardly depends on the electron temperature in this range. With all the needed parameters (Table 1) , we derived the gas mass in the "extended emission region" to be (8 ± 4) × 10 −4 M ⊙ . This value is about 0.5% of that in the 1600-AD outburst shell, M = 0.16 ± 0.08 M ⊙ . The mass-loss rate with a constant stellar wind of P Cygni is 3 × 10 −5 M ⊙ yr −1 (Najarro et al. 1997a,b) ; accordingly, the "extended emission region" contains gas of the constant stellar wind within 30 ± 15 yr. This value is consistent with a dynamical age, R/ R = 2.45 kAU/220 km s −1 ∼ 50 yr, which means that the total mass of this region can be explained by the steady stellar wind. As a result, the "extended emission region" is not considered to be a remnant shell of an eruption but a stellar wind region.
[Fe II] excitation
The bright IR [Fe ii] emission is detected in all the observed LBVs with NIR spectroscopy (Smith 2002a) . For example, Smith (2006) showed the [Fe ii] λ16435 spacio-velocity map of η Carinae and clearly indicated the two distinct emission regions within the nebulae; one is the thicker skin extended inside of the H 2 shell and consistent with the "Homunculus", and the other is the inner region and consistent with the "Little Homunculus" (Ishibashi et al. 2003; Smith 2005) . The origin of the forbidden lines of LBV nebulae are not completely clear (Smith 2002a (Smith , 2012 . On one hand, the shocked stellar wind interacted with the ambient medium radiates the forbidden lines: Smith (2002a) reported that the NIR [Fe ii] lines are good probes of shock-excited events such as LBV eruptions. If the "extended emission region" of P Cygni is heated by shock, its origin could be an episodic and relatively strong wind that occasionally happens due to stellar fluctuations. On the other hand, the forbidden lines may simply be radiatively excited (Smith 2006) : Smith & Ferland (2007) suggested that, compared with shock heating, radiative heating dominates the energy balance in the Homunculus of η Carinae by 2 orders of magnitude. If the "extended emission region" of P Cygni is radiatively heated, what we see in the region is a simply steady stellar wind with less number density and then is more extended than the compact stellar wind region traced by other lines. As a result, both scenarios are consistent with the statement that the "extended emission region" of P Cygni traces a stellar wind, not an eruption.
Origin of the "extended emission region"
The expansion velocity of the "extended emission region" (∼ 220 km s −1 ) is consistent with the terminal velocity seen in the P Cygni profile (see the vertical lines in Fig. 2 ). This implies that the "extended emission region" traces the outer wind after being accelerated and reaching the terminal velocity. The expansion velocity of this region is faster than that of the 1600-AD outburst shell (∼ 140 km s −1 ), suggesting that this region overtakes the outer shell, produces a reverse shock, and emits the [Fe ii] emission. A numerical simulation in Dwarkadas & Balick (1998) shows that such a reverse shock emerges in the LBV nebulae (assuming η Carinae), and its radius can be several times smaller than the outer shell, like this "extended emission region". Consequently, we propose that the "extended emission region" traces the reverse shock region due to the stellar wind overtaking inside of the outburst shell.
Both the 1600-AD outburst shell region and the "extended emission region" show some brightness asymmetry in our data, although we have discussed them with a spherically-symmetric geometry so far. In the upper plot of Fig. 5 , a bright emission was visible at the northern blueshifted part in the 1600-AD outburst shell 2 . In the lower panel of Fig. 5 , the blueshifted part of the "extended emission region" is found to be brighter than the other areas. Because the 1600-AD outburst shell does not have velocity components at v > 140 km s −1 , this bright spot of the "extended emission region" is free from contamination of the shell. As a result, the two regions may share the similar asymmetry although they are spatially separated. This similarity also supports the reverse shock scenario; the denser region in the 1600-AD shell naturally causes stronger emis- sion in the shock as the wind overtakes the inside of the shell. The extended [Fe ii] emission are also observed in the stellar wind region of η Carinae. Smith et al. (2004) found a UV excess emission region at 0 ′′ .1 − 0 ′′ .6 from the central star of η Carinae, which emanates from the outer parts of the stellar wind region. Hillier et al. (2006) detected a UV [Fe ii] emission line from the UV region, 0 ′′ .2 from the central star. This [Fe ii] emission region in η Carinae is similar to the "extended emission region" in P Cygni; both are spatiallyextended around the central star and considered to be the outer parts of the stellar wind region. Moreover, their sizes are not so much different (0.2-1.4 kAU for η Carinae and 4.9 kAU for P Cygni), and may scale with the luminosity of the central source. Therefore, such extended [Fe ii] emission regions could be a common structure in LBV nebulae.
Structure of the P Cygni nebulae we propose in this paper is as follows. The inner region of the wind ( 100 R * ) is traced by the metal permitted lines (v = 180 km s −1 ). The wind is accelerated by the radiation of the central star and reaches the terminal velocity at ∼ 300 R * (Lamers et al. 1985) , which is traced by the P Cygni profile of H-and He emission lines (v = 220 km s −1 ). The wind velocity exceeds the expansion velocity of the 1600-AD outburst shell (v = 140 km s −1 ), so that the reverse shock emerges when the wind overtakes the shell, which produces the [Fe ii] "extended emission region" we have found in this paper (v = 220 km s −1 ). The radius and total gas mass of the shock region are about 15% and 0.5% of those of the 1600-AD outburst shell. A promising way to study details of this newly-found region would be to spatially resolve it (within 3 ′′ from the central star) with adaptive-optics observations of the [Fe ii] lines.
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